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NATIONAL ADVISORY COMIdITTEE FOR AERONAUTICS 
ICE PREVEBTION ON AIRCUFT BY KEAWS OF IMPREGNATED 
LEATHER COVERS 
By W i l l i a m  0. Clay 
The ITational Advisory Committee f o r  Aeronaut ics  i s  
t e s t i n g  t h e  e f f e c t i v e n e s s  of a  method t o  prevent  t h e  for -  
mation of i c e  on a i r p l a n e s .  The system makes u s e  of a 
l e a t h e r  cover t h a t  5 s  a t t a c h e d  t o  t h e  l e a d i n g  edge of t h e  
wing. A s n a l l  tube ,  a t t a c h e d  t o  t h e  i n n e r  su r f ace  of t h e  
l e a t h e r ,  d i s t r i b u t e s  t o  t h e  l e a d i n g  edge a s o l u t i o n  that 
permeates  throughout t h e  l e a t h e r  and i n h i b i t s  t h e  forma- 
t i o n  of i c e  on the  sur face .  About 25 pounds of t h e  l i q u i d  
p e r  hour would be s u f f i c i e n t  t o  p revent  i c e  from forming 
on a wiilg of 50-foot span. The a d d i t i o n a l  g r o s s  weight of 
t h e  system w i l l  not be excess ive .  
The t e s t s  a r e  not  y e t  completed but t h e  method i s  
thought t o  be p r a c t i c a b l e  f o r  t h e  wing and i t  may a l s o  be 
adap tab le  t o  t h e  p r o p e l l e r ,  
INTRODUCTION 
The development of e f f e c t i v e  nethods f o r  p reven t ing  
t b e  format ion  of f c e  on a i r p l a n e s  h a s  f o r  s e v e r a l  y e a r s  
been a sub jec t  of r e s e a r c h  i n  bo th  Government and p r i v a t e  
l a b o r a t o r i e s .  To d a t e ,  t h e s e  combined r e sea rches  have 
i n d i c a t e d  t h a t :  ( 1 )  i n s o l u b l e  p a i n t s  a r e  of no d i r e c t  
bcnof i t  ( r e f e r e n c e  1 )  ; ( 2 )  so lub le  c o a t i n g s  a p p l i e d  p r i o r  
t o  f l i g h t  may prevent  i c e  format ions  f o r  s h o r t  p e r i o d s  
but  t hey  a r e  l i k e l y  t o  be waslled o f f  by r a i n  and a r e  i m -  
p r a c t i c a l  ( r e f e r e n c e  1 ) ;  (3 )  rubber cover ings  secured t o  
t h e  l e a d i n g  edges and a r ranged  t o  be deformed by a i r  pres -  
s u r e ,  l i t e r a l l y  break u  t h e  i c e  by s t r e t c h i n g  out from 
under i t  ( r e f e r e n c e  2 )  ? t h e s e  l~ove r shoes"  a r e  now being 
used  on many a i r p l a n e s ) ;  and ( 4 )  p l e n t y  of hea t  i s  a v a i l a -  
b l e  f r o n  t h e  engine exhaust  gases  t o  p r o t e c t  t h e  e n t i r e  
a i r p l a n e  from ice .  The most e f f i c i e n t  method t o  d i s t r i b -  
u t e  t h i s  hea t  t o  t 3 e  a i r p l a n e  p a r t s  i s  by means of a vapor 
h e a t i n g  system, a l though  a  h o t - a i r  system may a l s o  be 
p r a c t i c a b l e .  Success fu l  f l i g h t  t e s t s  have been made us ing  
a vapor h e a t i n g  system and i t s  p r a c t i c a l  a p p l i c a t i o n  de- 
pends only  on adap tab le  design.  The a p p l i c a t i o n  of hea t  
by o t h e r  methods i s  not p r a c t i c a b l e  ( r e f e r e n c e  3 ) .  
The use  of t h i n n e r  p r o p e l l e r  b l ades  wi th  t h e i r  at- 
t e n d a a t  v i b r a t i o n  c h a r a c t e r i s t i c s  n e c e s s i t a t e s  t h e  pre-  
ven t ion  of i c e  format ion  on p r o p e l l e r s ,  Owing t o  t h e  me- 
chan ica l  d i f f i c u l t i e s  involved ,  t h e  a d a p t a b i l i t y  of any of 
t h e  afore-ment ioned methods t o  t h e  p r o p e l l e r  i s  doubt fu l .  
The o b j e c t  of t h i s  paper  i s  t o  d e s c r i b e  ano the r  method 
t h a t  may, pending f u r t h e r  r e s e a r c h ,  be s u i t a b l e  f o r  pro- 
p e l l e r s  a s  wel l  as f o r  t h e  wings and t a i l  sur faces .  
From t e s t s  made s e v e r a l  y e a r s  ago i n  t h e  1T.A.C .Ae. 
r e f r i g e r a t e d  wind t u n n e l ,  i t  was recognized t h a t  t h e  con- 
t i nuous  a p p l i c a t i o n  of a so lub le  l i q u i d  t o  t h e  l ead ing  
edge of an a i r f o i l  would prevent  i c e  format ion  ( r e f e r e n c e  
1 ) .  I n  f a c t ,  a t e s t  w a s  made a t  t h a t  time i n  which a lco-  
ho l  was f e d  d i r e c t l y  onto t he  l ead ing  edge of a model from 
o r i f i c e s  i n  a  tube  p laced  a long  t h e  l ead ing  edge. This  
method of d i s t r i b u t i o n  was u n s a t i s f a c t o r y  and,  a f t e r  a few 
p re l imina ry  a t t empt s  t o  improve t h e  d i s t r i b u t i o n ,  f u r t h e r  
r e s e a r c h  w i t h  such l i q u i d s  was postponed i n  f avo r  of o t h e r  
t e s t s .  
These t e s t s  have r e c e n t l y  been resumed and a s tudy 
i s  being nade of t h e  e f f i c a c y  of d i f f e r e n t  so lub le  l i q u i d s  
i n  combination wi th  a n  e f f i c i e n t  d i s t r i b u t i n g  arrangement. 
A cover ing of l e a t h e r  h a s  been found t o  se rve  a s  a n  excel-  
l e n t  d i s t r i b u t o r  a s  i t  p rov ides  a wick t o  absorb  t h e  l i q -  
u i d  f r o m  a r e s e r v o i r  and sp read  i t  evenly over t h e  su r f ace .  
For t h i s  purpose,  t h e  l e a t h e r  must be porous and absorb- 
e n t ;  i t  xus t  a l s o  be reasonably tough and ho ld  i t  s  shape 
when i n  a s a t u r a t e d  condi t ion ,  Severa l  such l e a t h e r s  a r e  
a v a i l a b l e ,  
TESTS AND RESULTS 
Pre l imina ry  t e s t s  were made i n  t he  N.A.C.A. r e f r i g e r -  
a t e d  wind tunne l  u s i n g  a  model s t r u t  s e c t i o n  t o  which a 
s t r i p  of l e a t h e r  was secured s o  as t o  cover t h e  f r o n t  por- 
t i o n  of t h e  nodel.  A tube  w i t h  s e v e r a l  o r i f i c e s  a long  i t s  
l e n g t h  was embedded i n  t h e  l e a d i n g  edge of t h e  s t r u t  uni 
de rnea th  t h e  l e a t h e r  t o  d i s t r i b u t e  t h e  l i q u i d  t h a t  was 
f o r c e d  th rough  t h e  o r i f i c e s  a l o n g  t h e  spanr The t e s t s  
were made t o  de te rmine  a s a t i s f a c t o r y  g r a d e  of l e a t h e r  
and t o  a s c e r t a i n  t h e  i c e  i n k i b i t i v e  e f f e c t  of d i f f e r e n t  
chemical  s o l u t i o n s .  A l l  of t h i s  worlc h a s  no t  been comnplct- 
ed y e t  bu t  some f l i g h t  t c s t s  havo been made t o  check t h e  
more impor tan t  r e s u l t s  found from t h e  wind-tunnel  t e s t s .  
S e v e r a l  l i q u i d  s o l u t i o n s  might be employed t o  reduce  
t h e  a d h e s i o n  of t h e  i c e  t o  t h e  l e a t h e r .  However, g l y c e r i n  
and  g l y c o l  monoacetate  produced t h e  d e s i r e d  e f f e c t  t o - s u c h  
a marked d e g r e e  t h a t  a l l  t h e  i c e  which formed cou ld  e a s i l y  
be pushed o f f ;  i n  f a c t ,  t h e  a d h e s i o n  i n  s h e a r  mas p r a c t i -  
c a l l y  ze ro .  The f l o w  of t h e  a i r  s t r eam over  a n  a i r f o i l ,  
however,  g i v e s  l i t t l e  o r  no a s s i s t a n c e  i n  removing i c e  i n  
a  s h e a r i n g  d i r e c t i o n  bu t  a c t u a l l y  a s s i s t s  t h e  normal a i r  
p r e s s u r e  i n  c r e a t i n g  s u f f i c i e n t  a d h e s i o n  i n  t e n s i o n  t o  
keep t h e  i c e  cap s e c u r e  t o  t h e  l e a d i n g  edge,  even t h o ~ g h  
t h e  whole f o r m a t i o n  nay be f l o a t i n g  on a  f i l m  of l i q u i d .  
A l c o h o l ,  when used  a l o n e ,  a l s o  reduced t h e  adhes ion  
i n  s h e a r  and p r e v e n t e d  i c e  from forming on t h e  l e a d i n g  
edge when a s u f f i c i e n t  q u a n t i t y  was used t o  d i s s o l v e  i n  
and lower t h e  f r e e z i n g  t e m p e r a t u r e  of t h e  impinging d rops .  
I n  f a c t ,  t h e  a l c o h o l  mould even n e l t  t h i n  f o r n a t i o n s  of 
i c e  t h a t  had  p r e v i o u s l y  formed on t h e  Yeading edge. The 
a l c o h o l ,  however, d i d  n o t  d i s t r i b u t e  a s  w e l l  th roughou t  
t h e  l e a t h e r  a s  d i d  t h e  g l y c e r i n .  I p  a d d i t i o n ,  i t  a l s o  
e v a p o r a t e d  r a p i d l y  and caused t h e  l e a t h e r  t o  become d r y  
and h a r d ;  whereas t h e  g l y c e r i n  p r e s e r v e d  t h e  l e a t h e r  and 
k e p t  i t  s o f t  and p l i a b l e .  
The f o r e g o i n g  r e s u l t s  i n d i c a t e d  t h a t  m i x t u r e s  of al- 
cohol  w i t h  g l y c e r i n  ok g l y c o l  n o n o a c e t a t e  would be more 
a p p r o p r i a t e .  T e s t s  showed t h a t  a l c o h o l  m i x t u r e s  c o n t a i n -  
i n g  abou t  1 5  p e r c o n t  of e i t h e r  g l y c c r i n  o r  g l y c o l  mono- 
a c e t a t e  gave ve ry  good r e s u l t s ,  Thc g l y c e r i n  w a s  s u f f i -  
c i e n t  t o  p r e s e r v e  t h e  l e a t h e r  and reduce  t h e  i c e  a d h e s i o n  
w h i l e  t k e  a l c o h o l  p r e v e n t e d  i c e  from accumula t ing  on t h e  
l e a d i n g  edge. The g l y c o l  monoaceta te  s o l u t i o n  was s l i g h t -  
l y  b e t t e r  t h a n  t h e  g l y c e r i n  b u t ,  owing t o  t h e  p r e s e n t  h i g h  
c o s t  of n a n u f a c t u r e ,  i t s  u s e  i s  not  recommended. 
F i g u r e  1 shows views o f  t h e  node l  under  t e s t  i n  t h e  
wind t u n n e l ,  u s i n g  t h e  a l c o h o l - g l y c e r i n  s o l u t i o n ,  The 
l e a t h e r  cover  was a t t a c h e d  t o  on ly  one h a l f  of t h e  model - 
t o  i l l u s t r a t e  t h e  e f f e c t i v e n e s s  of t h e  system. The quan- 
t i t y  of l i q u i d  used  i n d i c a t e d  t h a t  a p p r o x i m a t e l y  25 pounds 
p e r  hour  mould be n e c e s s a r y  t o  keep i c e  from forming on a 
50-foot  wing. 
I n  o r d e r  t o  check t h e  e f f e c t i v e n e s s  o f  t h i s  system 
under  f u l l - s c a l e  c o n d i t i o n s  a 1 a r ~ : e  wing-sect i o n  model 
hav ing  a  span of 2 f e e t  nad a  chord  of 4 f c c t  mas mounted 
on a  monoplane as i l l u s t r a t e d  i n  f i g u r e  2. A water -spray-  
i n g  dev ico  w a s  mounted ahead of t h e  mod.el t o  s i m u l a t e  r a i n  
c o n d i t i o n s  a n d ,  i n  t h i s  way, t h e  a i r p l a n e  c o u l d  be f lown 
a t  a s u f f i c i e n t  a l t i t u d e  t o  o b t a i n  f r e e z i n g  t e m p e r a t u r e s  
and p r e v e n t a t i v e  measures c o u l d  be s t u d i e d .  T h i s  same 
node l  was used  i n  p r e v i o u s  i c e  p r e v e n t i o n  s t u d i e s  a n d ,  
f o r  want of a r e c e n t  pho tograph ,  f i g u r e  2 which w a s  made 
d u r i n g  t h e  p r e v i o u s  t e s t s  i s  reproduced t o  show t h e  char-  
a c t e r  of t h o  i c e  f o r m a t i o n  o b t a i n e d  mi th  such s p r a y i n g  
equipment when no p r e v e n t a t i v e  neans  i s  employed. The ir- 
r e g u l a r  f o r m a t i o n  of i c e  on t h c  node1 mas caused by an  un- 
equa l  d i s t r i b u t i o n  o f  t h e  w a t e r  s p r a y ,  The l e a t h e r  cover  
uscd  i n  t h e  pzeBcnt t e s t  mas 1 /8 - inch  t L i c k  and covered  
t h e  e n t i r e  l e a d i n g  edge of t h e  nodel .  A s h e e t  of rubber-  
i z e d  f a b r i c  w a s  cenen ted  t o  t h e  e n t i r e  under  s u r f a c e  of 
t h e  l e a t h e r  w i t h  a s n a l l  p e r f o r a t e d  rubber  t u b e  i n s e r t e d  
a l o n g  t h e  l e a d i n g  edge between t h e  l a a t k e r  and t h e  f a b r i c  
t o  f c c d  l i q u i d  t o  t h e  i n n c r  s i d e  of t h e  l e a t h e r .  An ex- 
t ended  s t r i p  of l i n c n  mas sewn a l o n g  t h e  upper  and lower 
edges of t h e  cover  t o  p r o v i d e  a ncans  f o r  a t t a c h i n g  t h e  
covcr  t o  t h e  mod-el w i t h  a i r p l a n e  dopo. 
F i g u r e  3 shows t h i s  node l  under  f u l l  o p e r a t i o n  i n  
f l i & t  u s i n g  a mix tu re  of 1 5  p e r c e n t  g l y c e r i n  and 85 pe r -  
c e n t  a l c o h o l .  During t h i s  t e s t  i t  was found  t h a t  i c e  
mould n o t  form on t h e  l e a d i n g  edge a s  long  a s  t h e  l i q u i d  
was f e d  c o n t i n u o u s l y  t o  t b e  l e a t h e r .  Small leading-edge 
f o r n a t i o n s  c o u l d  eveit be rcnovcd by f e e d i n g  t h e  l i q u i d  in -  
t e r m i t t e n t l y .  I n  e i t h e r  c a s e ,  homcvcr, smal l  f o r m a t i o n s  
of i c e  accumulated on t h e  u p p e r  s u r f a c e  of t h e  l e a t h e r  
a f t  o f  t h e  l e a d i n g  edge and were  n o t  removed. (See  f i g .  
3 , )  A p o s t - f l f g h t  i n s p e c t  i o n ,  however,  r e v e a l e d  that  no 
l i q u i d  had been absorbed  i n t o  t h e  a f t e r  p o r t i o n s  of t h e  
l e a t h e r .  A remedy f o r  t h i s  c o n d i t i o n  h a s  no t  been d e t e r -  
mined a s  t h e  t e s t s  have been t e m p o r a r i l y  suspended. A s  
t h i s  t r e a t m e n t  was t h e  f i r s t  t h a t  had been made on t h i s  
l e a t h e r ,  i t  i s  b e l i e v e d  t h a t  a more thorough  t r e a t m e n t  
m i t h  a s t r o n g e r  g l y c e r i n  s o l u t i o n  p r i o r  t o  t h e  t e s t  might 
have c o n d i t i o n e d  t h e  l e a t h e r  s t z f f i c i e n t l y  t o  e f f e c t  a be t -  
t e r  d i s t r i b u t i o n  of t h e  l i q u i d .  
The f l i g h t '  t e s t  i n d i c a t e d  t h a t  t h e  consumption of 
l io l i . id  was a-pproxirnately t h e  same a s  t h a t  c a l c u l a t e d  from 
t k e  t:liizd.-tunnel t e s t s ;  i . e . ,  2 5  pounds p e r  hour  f o r  a  span 
of 50 f e e t .  
As p rev ious ly  nen t ioned ,  t h e  s tudy  of impregnated 
l e a t h e r  cover ings  t o  prevent  i c e  format ion  i s  not complet- 
ed. The inc rease  i n  t ho  weigkt of an  a i r p l a n e  due t o  such 
equipment does not appear t o  be excess iva  but f u t u r e  t e s t s  
i n  f l i g h t  w i l l  p rov ide  in format ion  wi th  regard  t o  t h e  min- 
imun t h i c k n e s s  and t h e  most e f f i c i e n t  form of t h e  l e a t h e r  
cover f o r  p r a c t i c a l  ope ra t ion ,  
A s i m i l a r  use  of l e a t h e r  cover ings  t o  prevent  i c e  
f  o rna t  i on  on p r o p c l l c r s  appears  t o  be p r a c t i c a b l e  and re- 
s ea rch  on t h i s  problem i s  a l r e a d y  under nay* 
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F i p e  8.-Ice fomticla obtained with spray i n  flight tests when no 
preventative liaesns is employed. 
p i m e  3.- Flight  tesstrr on leather covering w l  th alcohol and glycerin. 
